Objective: To study gender differences in clinical status at the time of coronary revascularisation. Design: Retrospective study of clinical records. Two stage stratified cluster sampling was used to select a nationally representative sample of patients receiving a coronary revascularisation procedure in 1997. Setting: All of Spain. Main outcome measures: Odds ratios (OR) in men and women for different clinical and diagnostic variables related with coronary disease. A logistic regression model was developed to estimate the association between coronary symptoms and gender. Results: In the univariate analysis the prevalence of the following risk factors for coronary heart disease was higher in women than in men: obesity (OR=1.8), hypertension (OR=2.9) and diabetes (OR=2.1). High surgical risk was also more prevalent among women (OR=2.6). In the logistic regression analysis women's risk of being symptomatic at the time of revascularisation was more than double that of men (OR=2.4). Conclusions: Women have more severe coronary symptoms at the time of coronary revascularisation than do men. These results suggest that women receive revascularisation at a more advanced stage of coronary disease. Further research is needed to clarify what social, cultural or biological factors may be implicated in the gender differences observed.
M
any studies have shown large variations in the use of health services by such sociodemographic variables as social class, income, educational level, race or gender. [1] [2] [3] [4] [5] [6] [7] Gender has traditionally been used as a potential confounding factor in most studies of health inequalities, but recent studies suggest that it may be predictive of health services use. 5 8 In general, women have poorer perceived health status than men, with higher morbidity and greater use of primary health care services. For the same level of morbidity, however, women tend to use fewer hospital services than do men. 5 Cardiovascular disease, and particularly coronary heart disease, is one of the most prevalent health conditions in the developed world. Coronary disease has classically been considered a man's disease, in part because it appears later in women than in men. Despite the fact that mortality rates in men are considerably higher than those in women, however, women's longer life expectancy means that the number of deaths from coronary disease in the developed countries is about the same in both sexes. 9 Given the huge social and health implications of coronary disease, large amounts of resources have been allocated for its treatment in recent years, with particular attention to providing equipment and improving hospital infrastructure for the performance of the two most widely used procedures for coronary revascularisation: percutaneous transluminal coronary angioplasty (PTCA) and coronary artery bypass graft surgery (CABG).
Whether or not women truly have poorer access to diagnostic and therapeutic procedures for coronary disease is a subject of debate in the scientific literature. A number of studies have shown that women's coronary symptoms tend to be more severe or of longer duration than those of men at the time of coronary angiography, for example, and that this phenomenon may reflect a pattern of referral bias. [10] [11] [12] The objective of this study was to investigate the possible existence of gender differences in patients who receive coronary revascularisation procedures by studying the association between sex and clinical status at the time of coronary revascularisation. The data for this analysis were obtained from a larger study designed to determine how appropriately coronary revascularisation procedures were used in Spain in 1997.
METHODS
We carried out a retrospective study of coronary revascularisation procedures performed in Spain during 1997. Procedures were excluded if another intervention had been performed at the same time as revascularisation (for example, valvuloplasty), or if the patient had received previous bypass surgery. Previous angioplasty was not grounds for exclusion. Two stage stratified cluster sampling was used to select a sample of 3645 coronary revascularisations (1934 PTCAs and 1711 CABGs) from the 27 156 such procedures carried out in Spain in 1997 (18 091 PTCAs and 9065 CABGs). For each procedure, the sample was stratified by hospital type (public or private) and volume of procedures (high: >400 for PTCA and >200 for CABG; medium: 250-399 for PTCA and 100-199 for CABG; and low: <250 for PTCA and <100 for CABG). Within each stratum the sample size was self weighted. The first stage sampling units were the clusters (hospitals), with the probability of selection proportional to the size of the cluster, following the methodology proposed by Silva. 13 All hospitals selected agreed to participate in the study. The second stage units were the clinical records of patients who had received a coronary revascularisation procedure; these were selected within each cluster by simple random sampling. Data from the clinical records were collected by trained physicians using pre-tested data collection forms that had been designed to permit classification of the level of appropriateness of each coronary revascularisation procedure in accordance with appropriateness criteria previously developed by an expert Spanish panel using the RAND/University of California at Los Angeles appropriateness method. 14 15 See end of article for authors ' affiliations For the purpose of this study, the data were grouped into four types of variables: (1) sociodemographic variables: age and sex; (2) clinical variables: obesity, hypertension, diabetes, chronic obstructive pulmonary disease, peripheral vascular disease, cerebrovascular disease, high surgical risk (>18 points on the Parsonnet scale), all considered as dichotomous variables (yes/no); symptoms, which were grouped into three categories: asymptomatic (persons with no chest pain or infarction in the three months before revascularisation), stable disease (persons with chronic stable angina or in the post-myocardial infarction period), and unstable disease (persons with unstable angina or acute myocardial infarction); (3) medical management prior to revascularisation (only for patients with stable disease and those with unstable angina), grouped into two categories: optimal/suboptimal; and (4) diagnostic test results: stress test in the previous year (yes/no); stress test results, if a conclusive result was available in the previous year (positive/negative); coronary angiography results (left main disease, three vessel disease, two vessel disease with involvement of the proximal left anterior descending (PLAD) artery, two vessel disease without PLAD, one vessel disease with PLAD, one vessel disease without PLAD, and non-significant vessel disease); left ventricular ejection fraction (LVEF): normal (>50%) or reduced (<50%). Optimal medical management for chronic stable angina patients (without contraindications) was defined as receipt of at least two of the following three drug classes: nitrates, β blockers or calcium channel blockers. Optimal treatment for unstable angina patients (without contraindications) was considered to be receipt of: (a) oral nitrates or intravenous nitroglycerine, and (b) aspirin or intravenous heparin, and (c) β blockers or calcium channel blockers.
The crude association between sex and the different clinical and diagnostic variables was measured by univariate analysis. PTCA and CABG procedures were weighted (by a factor of 1.253 and 0.7116, respectively) to make the sample representative of all revascularised patients. The measure of association used was the odds ratio (OR), with 95% confidence intervals (CI).
In the multivariate analysis, a logistic regression model was developed to estimate the association between coronary symptoms and sex after adjusting for possible confounding variables. In this model, the existence of coronary symptoms was the dependent variable, and sex was an independent variable. Coronary symptoms were considered to have two possible values: 1 (symptomatic, grouping patients with stable and unstable disease) and 0 (no symptoms in the three months before revascularisation). In addition to sex, the maximum model included the following possible confounders as independent variables: age, obesity, diabetes, hypertension, surgical risk, type of vessel lesion, and left ventricular ejection fraction. The simplest (most parsimonious) model was chosen. A variable was considered to be a confounder in the association between symptoms and sex when it changed the OR of the variable sex by more than 0.02 units. Variables with no confounding effect were eliminated from the model. The log likelihood ratio was used to test for goodness of fit. The level of significance for all comparisons in the study was α=0.05.
RESULTS
Women made up 18.4% of all revascularised patients; this proportion was the same for both PTCA and CABG. The mean age of revascularised women in the sample was 68 years, as compared to 62 years for men (p<0.05).
In the univariate analysis, women more frequently suffered three of the six comorbidities measured: obesity (OR=1.8, 95% CI: 1.5, 2.2), hypertension (OR=2.9, 95% CI: 2.4, 3.5), and diabetes (OR=2.1, 95% CI: 1.8, 2.6) (table 1). No statistically significant differences by sex were observed for chronic obstructive pulmonary disease, peripheral vascular disease or cerebrovascular disease (data not shown). Women had more serious coronary disease than men: the OR for symptoms (either stable or unstable) in women was 2.5 (95% CI: 1.7, 3.5). For those patients who had symptoms, the OR of having unstable symptoms was 1.3 in women (95% CI: 1.1, 1.6). Women also more often had high surgical risk than men, with an OR of 2.6 (95% CI: 2.1, 3.3). No statistically significant linear associations were found between sex and left ventricular ejection fraction, with an OR for women of having a reduced ejection fraction of 0.9 (95% CI: 0.7, 1.1), or between sex and extent of vessel disease (χ 2 test for trend 0.02, p=0.9). Women were less likely than men to have suboptimal medical treatment, with an OR of 0.7 (95% CI: 0.6, 0.9).
In the multivariate analysis (table 2) , the association between the existence of coronary symptoms and female sex was maintained. The maximum model was made up of the following independent variables: sex, vessel disease, age, left ventricular ejection fraction, surgical risk, hypertension, obesity, and diabetes. The latter two variables were left out of the final model as they did not exhibit the behaviour of confounding variables. After adjusting the logistic regression model for confounding variables, women's OR for coronary symptoms was 2.4 (95% CI: 1.7, 3.6). The global model was statistically significant (p<0.0001).
DISCUSSION
The results of our study show that women have a poorer clinical status at the time of coronary revascularisation than men: they more frequently suffer comorbid conditions and more severe coronary symptoms. This finding seems to suggest a delay in women's receipt of these therapeutic procedures in comparison with men. The reason for delayed revascularisation in women may be attributable to gender differences occurring in any (or all) phases of the disease process: in the suspicion of coronary disease, in the performance of diagnostic tests, or in the treatment of disease once it is detected. With regard to possible gender differences in the suspicion of coronary disease, there are a number of biological factors that lead physicians to suspect coronary disease less often in women than in men. In the first place, coronary disease tends to occur later in women-on average, women are 7 to 10 years older than men at its onset. 9 16 Furthermore, the greater prevalence of diabetes in women means that they are more likely than men to present with coronary disease in the absence of anginal symptoms. 17 Also, chest pain in women is less likely to be of coronary origin than it is in men, 18 therefore physicians are apt to think of other types of disease in this situation. In our study women were, in fact, an average of six years older than the men, and had a greater prevalence of risk factors (obesity, hypertension, and diabetes). However the study design (only revascularised patients were included) does not permit generalisation to the entire population of patients with coronary disease. In addition to these biological factors, cultural reasons have been described that give rise to the widespread belief-among both physicians and society at large-that coronary disease is a disease more typical of men. [19] [20] [21] Gender differences in the use of diagnostic tests, once coronary disease is suspected, have also been widely described in the literature. As our study included only patients who had already been revascularised, they had obviously all received a coronary angiogram. This was not the case, however, for stress testing. We found that women's "risk" of not having received a stress test in the year before revascularisation was double that of men (OR: 1.8; 95%CI: 1.5, 2.1). Some studies have attributed these types of differences to physician bias when referring patients for diagnostic testing, especially for such sophisticated tests as coronary catheterisation. [19] [20] [21] This bias is based on the general perception that men play a more important social part and contribute more to society than do women. It has also been reported that women themselves frequently delay undergoing aggressive diagnostic procedures such as coronary catheterisation and even less invasive procedures such as stress testing. 22 In addition, many diagnostic tests for coronary disease are less sensitive and specific in women than in men. 23 This is because research related with these tests has classically been carried out almost exclusively in men. In our sample, there was no statistically significant association between stress test results (positive or negative) and sex in the subgroup of patients with a conclusive stress test result. Finally, certain social factors such as the lower educational level and smaller purchasing power of older women in Spain could constitute an obstacle to their access to some health services. 5 Any of the aforementioned circumstances-physician bias, women's refusal or postponement of diagnostic procedures, lower sensitivity and specificity of diagnostic procedures or difficulty of access to health services-would result in women being diagnosed with coronary disease at later stages than men.
Gender differences may also exist with regard to treatment of coronary disease. Many studies have found that, for the same level of clinical severity, women receive fewer effective treatments than men (β blockers, thrombolytic therapy in acute infarction, and even coronary revascularisation). 16 18 24-30 Although fewer in number, other studies have reported that sex was not a factor in predicting the intensity of medical treatment in patients with myocardial infarction, 31 or that no gender bias in favour of men was found in referral for cardiac catheterisation 32 or for revascularisation. 33 However, the finding in our study that women's clinical situation was more severe than men's could be a result of differences in treatment: women may need to be in a more advanced stage of disease to have access to revascularisation. With regard to medical treatment, we found that women had a slightly higher percentage of optimal medical treatment, which apparently contradicts the hypothesis that women receive less effective treatment. However, our study population-of revascularised patientscannot be considered representative of all patients with coronary disease, and it is possible that, just as women need to be more severely clinically ill to be referred for revascularisation, physicians also tend to exhaust the possibilities of medical treatment in women before resorting to revascularisation. No information was available from our study about treatment with thrombolytic therapy in acute infarction. The reasons for differences in the treatment of coronary patients could be similar to those suggested for diagnostic delay: physician bias because of cultural reasons or the lack of scientific evidence because, the same as with diagnostic tests, almost all research on the treatment of coronary disease has been carried out in men. 34 Added to this possible physician bias is the fact that women with coronary pain tend to wait longer than men to visit the doctor; they often go to the hospital at such an advanced stage of infarction that thrombolytic treatment is ineffective. 35 Another hypothesis suggested by some authors is that the differential use of coronary revascularisation in women may be less a problem of "underuse" in women than one of "overuse" in men. 16 27 However, we did not find any differences by gender in the proportion of inappropriate revascularisation procedures or "overuse" in our study, 15 nor did a US study find significant differences between men and women in 36 Another area of possible differences between the sexes relates to prognosis, although this is a controversial subject. Some studies have found that, for the same clinical severity of coronary disease, women have higher mortality than men. 26 This fact is considered to be associated with poorer treatment of coronary disease in women 25 and social factors such as lower socioeconomic level or less social support than men. 37 Other authors conclude that women's excess mortality is attributable to more reduced ventricular function. 38 This in turn may be attributable to the disease evolving for a longer time without receiving adequate medical or surgical treatment.
Some limitations in this study with regard to data collection should be noted. It is well known that clinical records do not always faithfully document all relevant information pertaining to the patient's medical history, medications or procedures performed. Thus, it is possible that missing information may have resulted in the misclassification of some patients with regard to one or more of the study variables. However, data for this study were collected by trained physicians who reviewed the entire clinical record and all accompanying documents, not merely an abstract form or discharge report. As the diagnostic tests performed on a patient being evaluated for coronary heart disease are generally documented in a separate report in the patient file, it is unlikely that much of this information was missed. Furthermore, even if we assume that some information was missing or overlooked in the review, there is no reason to suppose this would have occurred differentially for male and female patients.
In summary, our study shows that women have more coronary symptoms at the time of coronary revascularisation than do men. This could be attributable to differences in the treatment of coronary disease such as delayed disease diagnosis, unequal access to effective treatments, and poorer prognosis. Several factors have been proposed that may help explain these phenomena: physician bias because of cultural reasons or lack of scientific evidence, delay on the part of women in seeking medical advice, reluctance of women to undergo certain diagnostic or therapeutic procedures, social conditions unfavourable to women, and lack of sensitivity and specificity in some diagnostic tests in women. Further research is needed to explore the causal relations between the factors described and the gender disparities observed, and to identify mechanisms to ensure equitable care for women with coronary disease. • Coronary heart disease is a major cause of mortality among women, although it has classically been considered a man's disease.
• Women have more severe coronary symptoms than men at the time of revascularisation, independently of age and other risk factors.
• These findings suggest gender differences in the treatment of coronary heart disease that may be attributable to delayed diagnosis, unequal access to treatments or poorer prognosis.
• Further research is needed to elucidate the causal relations among these factors and to ensure that women with coronary symptoms receive equitable care.
Policy implications
• Health institutions such as specialist societies, insurance companies, and policy makers should carry out campaigns to heighten physician awareness of the frequency and importance of cardiovascular disease in women and of the need for diagnostic testing in symptomatic or high risk people.
• Health messages targeting the general population should be designed to emphasise that cardiovascular disease is an important cause of illness and death in women as well as men, and to educate people about symptoms that suggest the need for medical advice.
• Women in high risk groups should be screened more actively for cardiovascular disease at the primary care level.
• Clinical trials for cardiovascular disease should include more female patients.
• Further research is needed to explain why women have unequal access to treatments, or suffer more advanced disease when they seek medical care for cardiovascular disease, so that specific remedies may be designed.
